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Abstract 
Soil respiration rates of reed wetlands in the Yellow River Estuary and in the Liaohe River Estuary were determined with a Li-8100 
Automated Soil CO2 Flux System in May and November, 2009, respectively, and reasons were analyzed for the difference in 
respiration rates between the two wetlands. Analytical results showed that: 1) Average soil respiration rate of the Yellow River Estuary 
was 1.06 ȝmol·m-2·s-1 in May and 0.24 ȝmol·m-2·s-1 in November, which was 17 times and twice as much as those in the Liaohe River 
Estuary, respectively. And main reasons leading to the difference included temperature, moisture and texture of soil, while nutrient 
elements were not a major influencing factors. 2) Soil respiration rate of the Yellow River Estuary decreased with the rising of soil 
temperature in May when soil temperature was relatively high, and exhibited no significant diurnal variation in November; the rate in 
May was 4 times than that in November, mainly influenced by soil temperature and variation in vegetation growth period. In the 
Liaohe River Estuary, the rate was severely inhibited by the high soil moisture and exhibited insignificant diurnal variation in May, 
while it increased with the rising of soil temperature in November; the rate in May was merely half that in November. 
 
© 2010 Published by Elsevier Ltd. 
 
Key words: Yellow River Estuary; Liaohe River Estuary; Reed (Phragmites australis) wetlands; Soil respiration/Soil CO2 flux; 
1. Introduction
Soil respiration, or soil CO2 flux, is defined as the sum total of all metabolic functions which can produce 
carbon dioxide in undisturbed soil, including three biological processes (i.e., respiration of plant roots, aerobic 
respiration of microbes, and respiration of geobionts), and one non-biological process, i.e., oxidation of small 
quantities of organic matter[1]. Generally, soil respiration mainly refers to the aerobic respiration of microbes 
and the respiration of roots[2]. The carbon storage in the soil in the depth range of 3m is approximately 3.1×103 
Pg[3], which is 5 times that in the vegetation on ground surface (approx. 650 Pg); therefore, the soil is the 
largest carbon pool of the terrestrial ecosystem. Soil respiration leads to a carbon release about 75 Pg/a into the 
atmosphere, and this tendency is likely to intensify[4]. The soil carbon storage in the wetland ecosystems, about 
450 Pg, is nearly 15% of the overall terrestrial soil carbon storage[3]. The wetland plays a significant role in the 
global carbon cycle and climate change because it boasts the highest soil carbon density among all ecosystems. 
Estuarine wetlands, with excellent locations, abundant resources[5] and a complex and highly volatile 
ecosystem [6] are mostly newly-developed wetlands, and usually severely affected by human activities [7]. 
                                                        
* Corresponding author.  
E-mail address: lxx81875@ouc.edu.cn 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
 X. X. LUO and Z. Q. XING / Procedia Environmental Sciences 2 (2010) 888–895 889
Currently, studies on the soil respiration in esturaine wetlands and its influencing factors have aroused great 
interests of scholars and scientists. Heinsch[8] measured the soil respiration in the Nueces River Delta near 
Corpus Christi, Texas with the relaxed eddy accumulation method (REA) and suggested that the rate of soil 
respiration was closely correlated with the supply of water to the marsh, i.e, the marsh was a net CO2 sink with a 
sufficient water supply and a net CO2 source with a deficient water supply. Kutzbach[9] investigated the CO2 
flux in the Lena River Delta in Northern Siberia with the micrometeorological eddy covariance method, and 
found that the wet tundra was a tremendous CO2 sink. Deverel[10] determined the CO2 flux on three islands in 
the Sacramento-San Joaquin Delta, California using closed chambers and their results showed that the soil 
temperature was the main factor influencing the CO2 flux. YANG [11] measured the CO2 flux in the eastern 
tidal flat wetland of Chongming Island with a combination of static closed chamber method and GC technique 
and considered that the carbon fluxes was mainly influenced by temperature and sunshine intensity. He[12] 
measured the CO2 flux in the reed wetland ecosystem of Panjin, China, with the eddy covariance method (ECM) 
and the results showed that the area was a carbon sink, for its carbon absorption exceeds its carbon release all 
the year round. Zhou[13] measured the net ecosystem exchange of CO2 (NEE) with ECM in the reed wetland 
located at the Panjin Wetland Ecosystem Research Station, and it exhibited a distinct V-shaped variation 
tendency during the growing seasons, and varied insignificantly during other seasons. 
The wetlands in the Yelllow River Estuary (hereinafter abbr. as YRW) and the Liaohe River Estuary 
(hereinafter abbr. as LRW) are the most typical estuarine wetlands in northern China. YRW, the largest 
newly-developed wetland of China, is located between the Bohai Bay and Laizhou Bay. The ecosystem is 
extremely fragile, and the main vegetation types of YRW include Phragmites communis, Tamarix chinensis and
Suaeda glauca. The natural reed wetland covers an area of 33,000 hm2[14]. LRW, the largest reed field of Asia 
and the second largest distribution area of reed in the world, elongates along the northern coast of Liaodong Bay 
in the Bohai Sea and is specifically located in Panjin City, Liaoning Province, China. The main vegetation types 
of LRW include Phragmites communis and Suaeda glauca, and the former covers an area of 43,000 hm2 [15]. 
In this paper, soil respiration rates of YRW and LRW were measured with a combination of dynamic 
chamber method and IRGA technique, and furthermore, main factors influencing the rates were discussed. 
 
2. Materials and methods 
2.1 BRIEF INTRODUCTION TO THE STUDY AREAS 
Both estuaries are situated in the sub-humid and semi-arid continental monsoon climate zone of the warm 
temperate belt where rainfall with heat abounds over the same period. In the Yellow River Esturay, the annual 
average temperature is 12.4 oC, the annual rainfall is 551.6 mm and the frost-free period lasts about 217.8 d/a, 
while in the Liaohe River Estuary, the annual average temperature is 8.3oC, the annual rainfall is 650 mm and 
the frost-free period lasts about 165 d/a. Typical study areas were selected in the reed wetlands of both estuaries. 
YRW (N38.01°, E118.92°), a coastal saline wetland, is about 20 km northeast of Xianhe Town of Dongying City, 
Shandong Province, China, and LRW (N41.01°, E121.78°), a saline meadow, is located in the semi-natural reed 
pool managed by the Dongguo Reed Field, Panjin City, Liaoning Province, China. Measurements were carried 
out from 9:00 to 15:00 on May 28th and November 8th, 2009 in YRW and on May 10th and November 3rd, 2009 
in LRW respectively. 
2.2 MEASUREMENT METHODS AND DATA ANALYSIS 
Rate of soil respiration or the soil CO2 flux (Flux): With the combination of dynamic closed chamber 
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method and IRGA technique, the rates of soil respiration were measured for 0.5 min every 3 min with an 
Li-8100 Type Open-circuit Soil CO2 Flux System manufactured by LI-COR Inc., Lincoln, NE, USA. 
Soil oxidation-reduction potential (Eh): The soil oxidation-reduction potentials were measured in the range 
of (-1999 ~ 1999) mV with an FJA-16 Type Depolarization ORP Measuring Instrument manufactured by 
Nanjing Institute of Soil Science, Chinese Academy of Sciences. 
Soil temperature: The soil temperatures were mearsured with the temperature probe of the Li-8100 System. 
After all the measurements, soil samples were taken from the profile of the testing points for in-lab 
physical and chemical anlyses, including soil texture, soil moisture (water content), total nitrogen (TN), 
ammonium nitrogen (NH4+-N), nitrate nitrogen (NO3--N), and total organic carbon (TOC). 
Statistical analyses were carried out with Excel 2007 and SPSS 13.0, and figures were drafted with Origin 
8.0. 
 
3. Results and discussion 
3.1 DYNAMIC VARIATION IN SOIL RESPIRATION RATE 
 
 
Fig.1 Diurnal variation of soil CO2 flux and soil temperature in YRW and LRW in May and November, 2009 
 
Fig.1 illustrates the variation characteristics of the soil respiration rates of YRW and LRW in May and 
November, 2009. The soil respiration of YRW during the measuring period in May varied between 0.88 and 
1.44 ȝmol•m-2•s-1, with an average of 1.06 ȝmol•m-2•s-1, and tended to fluctuate down gradually. It ranged 
between 0.20 and 0.27 ȝmol•m-2•s-1 with an average of 0.24 ȝmol•m-2•s-1 during the measuring period in 
November, and exhibited no significant diurnal variation. The rate in November was significantly lower than 
that in May, which was likely attributed to the growth stage of vegetation. The root respiration was intensified in 
May when the reed grew vigorously, so it made a major contribution to the soil respiration. However, in 
November, the reed basically stopped growing and the defoliation stage arrived, the root respiration was 
weakened, so it made a minor contribution to the soil respiration.  
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The soil respiration of LRW during the measuring period in May ranged between 0.05 and 0.08 
ȝmol•m-2•s-1 without significant diurnal variation. And there was no significant correlation between soil 
temperature and soil respiration. The soil respiration rate of LRW during the measuring period in November 
varied between 0.08 and 0.16 ȝmol·m-2·s-1 with an average of 0.11 ȝmol•m-2•s-1, and it increased with the 
passage of measuring time till it reached its peak at 13:30 (0.16 ȝmol·m-2·s-1) and then it began to decrease 
gradually. That was consistent with the determination results of Xie Yanbing [16], who obtained the diurnal 
dynamic variation of unimodal curve in soil respiration during the non-growing season of the reed (October) in 
the Liaohe River Estuary.  
The average soil respiration rate of YRW was significantly higher than that of LRW in May and November. 
In May, the diurnal variation amplitude of soil respiration rate in LRW was 0.03 ȝmol·m-2·s-1, which was 
significantly lower than that in YRW (0.56ȝmol·m-2·s-1), and the diurnal average soil respiration rate of YRW 
was 17 times that of LRW. In November, the diurnal variation amplitudes of soil respiration rates of YRW and 
LRW were basically at the same level, about 0.07 ȝmol·m-2·s-1. However, the average soil respiration rate of the 
latter was only half that of the former. 
3.2 Factors influencing soil respiration rate 
3.2.1 Soil temperature 
Soil respiration rates of YRW and LRW responded to soil temperature quite differently during two 
measuring periods (ANOVA, p <0.01, n = 92, see Fig.1 and Tab.1). In May, the rate of YRW had an significant 
negative correlation with the temperature (r=-0.64, n=92, p<0.01, see Tab.1). It was severely inhibited when the 
temperature rose from 26  to 29ć  . Theć  rate of LRW had a significant positive correlation with the 
temperature (r=0.30, n=92, p<0.01 see Tab.2). There was an insignificant increase in the soil respiration when 
the temperature rose from 14  to 20 . ć ć  
In November when there was minor variation in soil temperature in YRW, no significant correlation was 
found between the rate and the temperature (Į>0.05). However, there was a significant positive correlation 
between the rate and the temperature in LRW. The rate increased significantly as the temperature rose from 1  ć
to 6 . ć  
This shows that when the temperature was under 25 , ć activities of plant roots and microbes were 
intensified with the rising of temperature, and hence a rise in soil respiration rate. In November, this intensifying 
tendency under the low temperature was more prominent (r=0.84) in LRW. Therefore, soil temperature is the 
main factor leading to variations in soil respiration rate, as metabolic activities of plant roots and microbes are 
controlled by the temperature.  
In May, other environmental factors suppressed the sensitivity of soil temperature. e.g., high soil moisture 
content can inhibit the activities of plant roots and microbes as well as the availability of DOC, etc[17]. When 
the temperature exceeded 25 , the activities of plant roots and microbes ć are inhibited, so the soil respiration 
rate decreases with the rising of temperature[18]. 
The soil respiration rate also has a spatial variability of decreasing with the increasing of latitude. The rate 
of YRW (located at a latitude lower than LRW) in the measuring periods in May and November, were 
significantly higher than that of LRW. The main reason was that the soil temperature decreased with the 
increasing of latitude and hence a decrease in biological activities of soil microbes, which led to the decrease in 
soil respiration rate. That is also consistent with the conlusion that the soil respiration rate decreases gradually 
with the increasing of latitude [19]. 
Tab.1 Comparison and correlative coefficients betweenCO2 flux and soil temperature in YRW and LRW 
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Soil respiration rate (ȝmol·m-2·s-1) Soil temperature ( )ć  
Site Time 
Average Variation range Average Variation range 
Correlative 
coefficients 
May 1.06A 0.86-1.44 27.93A 26.30-29.00  -0.64** 
YRW 
November 0.24B 0.20-0.28 12.27C 11.98-12.42 -0.02 
May 0.06D 0.05-0.08 17.47B 14.40-19.30   0.30** 
LRW 
November 0.11C 0.08-0.16 3.24D 1.02-6.14   0.84** 
*Notes: Superscripts of A, B, C and D indicate significant difference sequences among treatments, ANOVA, p< 0.01;  
“*” stands for significant correlation level (p<0.05, n=92) while “**” stands for extremely-significant correlation level (p<0.01, n=92). 
3.2.2 Soil moisture and oxidation-reduction potential 
Fig.2 Distribution of soil water content in 60 cm profile of the sites in YRW and LRW 
*Notes: The field moisture capacity of LRW site was quoted from Jiang, 2006[20] 
 
The distribution of soil water content in 60cm profile of the sites in YRW and LRW is shown in Fig.2 which 
illustrates that there was a significant difference between soil contents in YRW and LRW in the measuring periods of 
May and November.  
The water content in the superficial soil of YRW was 15% in May and 23% in November respectively, which were 
less than or close to the field moisture capacity (22%), and the superficial soil was in a relatively oxydic state. In May, 
there was a good correlation between soil respiration rate and oxidation-reduction potential (r= 0.61, n = 92, p <0.01) in 
YRW, as is shown in Fig.3. On the one hand, most of the large soil pores were filled with air when the water content was 
less than or close to the field moisture capacity, which made it easier for O2 to diffuse in the soil; on the other hand, most 
of the small soil pores were filled with water, which made it easier for soluble substrates to diffuse in the soil. All these 
were favorable for the respiration of plant roots and aerobic microbes [21]. 
LRW Reed Field was irrigated in middle ~ late April (spring irrigaition) and then became waterlogged in early May 
when the soil water content of the surface layer could reach about 56%. In November, the water content in the profile 
was around 35%. Those forthmentioned water contents were higher than the field moisture capacity (33%), and the soil 
was in a medium or severe reductive state. There was no significant correlation between soil respiration rate and 
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oxidation-reduction potential (r =- 0.14, n = 92, p> 0.05) in May, as is shown in Fig.3. This is mainly because that high 
water content can block soil pores when it is higher than the field moisture capacity, which limits the diffusion of O2 and 
the release of CO2 as well as its diffusion in the soil profile [22]. Meanwhile, when the soil is anaerobic, a great quantity 
of organic acids such as butyric acid are produced as a result of anaerobic respiration of plant roots, which will further 
suppress the soil respiration [17]. So this is the main reason why the soil respiration rate of LRW was significantly lower 
than that of YRW. 
 
 
Fig.3 Variation of soil CO2 flux and oxidation-reduction potential in YRW and LRW in May, 2009 
 
3.2.3 Soil texture 
 
Fig.4 Distribution of particle size fraction in soil profiles of YRW and LRW (%) 
 
Fig.4 shows the distribution of particle size fraction in soil profile of the study sites in YRW and LRW and indicates 
that the soil textures are quite different. In the measuring site of YRW, the soil texture of the upper layer (0-10 cm) 
mainly consists of clayey silt, and coarse silt, fine silt and clay (diameter<0.004 mm) are evenly distributed in the soil; 
The lower layers (10-60 cm) mainly consist of coarse silt with a clay content of lower than 25% and a coase silt content 
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of as high as 40%. As a contrast, in the measuring site of YRW, the upper layer (0-10 cm) mainly consists of rotten 
branches and leaves and the lower layers (10-60 cm) mainly consists of silty clay with a clay content of more than 60%. 
The soil carbon pools can release more CO2 to the atmosphere with lower clay content and coarser soil particle[23]. This 
is because high clay content can adsorb great quantities of organic carbon with surface colloids, reduce the 
decomposition of the soil organic matter and inhibit microbial substrate supply. Meanwhile, this will lead to a reduction 
in soil porosity and a decrease in soil permeability which can limit the diffusion of O2 and the release of CO2 as well as 
its diffusion in the soil profile. And this is also an important reason why the soil respiration rate of YRW was 
significantly higher than that of LRW. 
3.2.4 Soil nutrients and biological activities
 
 
Fig.5 Distribution of carbon and nitrogen in the sites of YRW and LRW 
 
Fig.5 shows the distribution of carbon and nitrogen in the sites of YRW and LRW. The contents of the total organic 
carbon (TOC), total nitrogen (TN) and ammonium nitrogen (NH4+-N) in LRW site were significantly higher than those in 
YRW site, and the content of nitrate nitrogen (NO3--N) in the upper layer of LRW site was also higher than that of YRW 
(Fig.5), however, its soil respiration rate was lower than that of YRW. This is because there is a significant difference in 
hydrological conditions and soil texture between the two estuarine wetlands. In the wetland of Liaohe River Estuaryˈthe 
reductive soil conditions with waterlogged and compact cohesive soil reduce the activities of microbes and enzymes 
related to carbon metabolism, and hence inhibit the diffusion of O2 as well as the production and release of CO2. 
Therefore, the difference in soil nutrients between YRW and LRW is not the main factor leading to the difference in soil 
respiration rate. 
 
4 Conclusions 
(1) During the measuring periods in May and November, the average soil respiration rate was 1.06 ȝmol•m-2•s-1 and 
0.24 ȝmol•m-2•s-1 in YRW, and 0.06 ȝmol•m-2•s-1 and 0.11 ȝmol•m-2•s-1 in LRW, respectively. The rate of YRW was 
significantly higher than that of LRW. 
(2) The diunal variations of soil respiration in YRW and LRW have different characteristics. In YRW, soil 
respiration rate decreased with the rising of soil temperature when the temperature was relatively high in May, and there 
was no significant diurnal variation in soil temperature as well as soil respiration rate in November. In LRW, the rate 
exhibited no significant diurnal variation in May due to the inhibitory effect of high soil water content, and it increased 
with the rising of soil temperature in November. 
 X. X. LUO and Z. Q. XING / Procedia Environmental Sciences 2 (2010) 888–895 895
(3) The difference in soil respiration rate between YRW and LRW is mainly influenced by soil temperature, 
moisture and texture, and not significantly influenced by the nutrients. The rate of YRW in May was higher than that in 
November, mainly influenced by soil temperature and plant growth stages. The rate of LRW in November was higher 
than that in May due to the inhibition of the high soil water content. 
Acknowledgments 
This study has been supported by the major programs of marine public welfare(Grant No. 20080508006) and the 
Water Pollution Control and Management Project ( “Water Special Project”) (Grant No. 2008ZX07208-009). 
 
References: 
[1] Singh JS, Gupta SR. Plant decomposition and soil respiration in terrestrial ecosystems. The Botanical Review 1977; 43(4): 449-529. 
[2] HAN GX, ZHOU GS. REVIEW OF SPATIAL AND TEMPORAL VARIATIONS OF SOIL RESPIRATION AND DRIVING MECHANISMS. 
Chinese Journal of Plant Ecology 2009, 33(1): 197-205. (in chinese) 
[3] Sabine CL, Heimann M, Artaxo P, Bakker DCE, Chen CTA, Field CB, et al. Current Status and Past Trends of the Global Carbon Cycle. In 
Scope 62, The Global Carbon Cycle: Integrating Humans, Climate, and the Natural World. Island Press, Washmgton D C, 2004:17-44. 
[4] SCHLESINGER WH, ANDREWS JA. Soil respiration and the global carbon cycle. Biogeochemistry 2000; 48: 7-20. 
[5] HUANG GLˈHE PˈHOU M. Present stasus and prospects of estuarine wetland research in China. chinese journal of applied ecology 2006, 
17(9): 1751-1756. (in chinese)  
[6] ZHAO XS, CUI BS, YANG ZF. Study on the eco-environmental water requirement for wetland in Yellow River basin. Acta Scientiae 
Circumstantiae 2005; 25 (5) :567-572.( in chinese) 
[7] Lotze HK, Lenihan HS, Bourque BJ, Bradbury R, Cooke RG, Kay MC, et al. Depletion, Degradation, and Recovery Potential of Estuaries and 
Coastal Seas. science 2006; 312,1806-1809. 
[8] Heinscha FA, Heilman JL, McInnesb BKJ, Cobosc DR, Zubererb DA, Roelked DL. Carbon dioxide exchange in a high marsh on the Texas Gulf 
Coast: effects of freshwater availability. Agricultural and Forest Meteorology 2004; 125: 159-172. 
[9] Kutzbach L, Wille C, Pfeiffer EM. The exchange of carbon dioxide between wet arctic tundra and the atmosphere at the Lena River Delta, 
Northern Siberia. Biogeosciences Discuss. 2007;4: 1953-2005. 
[10] Deverel SJ, Rojstaczer S. Subsidence of agricultural lands in the Sacramento-San Joaquin Delta, California: Role of aqueous and gaseous 
carbon fluxe. WATER RESOURCES RESEARCH 1996; 32(8): 2359-2367.  
[11] Yang HX, Wang DQ, Chen ZL, Chen H, Wan J, Xu SY, et al. Characteristics of carbon fluxes through intertidal flatwetland-atmosphere 
interface of Yangtze estuary. Acta Scientiae Circumstantiae 2006;26 (4) : 667- 673. (in chinese) 
[12] He QJ. Characteristics of net ecosystem CO2 exchange over Panjin reed wetland and its simulation. Chinese Academy of meteorological 
sciences, 2007 
[13] Zhou L, Zhou GS, Jia QY. Annual cycle of CO2 exchange over a reed (Phragmites australis) wetland in Northeast China. Aquatic Botany  
2009;91: 91–98. 
[14] CUI BS, LI YH, YANG ZF. Management oriented ecological water requirement for wetlands in the Yellow River Delta. ACTA ECOLOGICA 
SINICA 2005; 25(3): 606-614. ( in chinese) 
[15] ZHANG XL, ZHANG ZH, GU DQ, XU ZJ, YE SY. Research on evolution of coastal wetlands in Liaohe River Delta. Ecology and 
Environmental Sciences 2009; 18(3): 1002-1009. ( in chinese) 
[16] XIE YB, JIA QY, ZHOU L,LI RP,Lü GH. Soil respiration and its controlling factors at Phragmites communis wetland in Panjin. JOURNAL 
OF METEOROLOGY AND ENVIRONMENT 2005;22(4):53-58. ( in chinese) 
[17] LIU HS, LIU HJ, WANG ZP, XU M, HAN XG, LI LH. The Temperature Sensitivity of Soil Respiration. PROGRESS IN GEOGRAPHY 
2005;22(4):53-58. ( in chinese) 
[18] Joergensen RG, Brookes PC, Jenkinson DS. Survival of the microbial biomass at elevated temperatures. Soil Biol. Biochem.1990; 22: 
1129-1136.  
[19] Fang JY, Liu SH, Zhao K. FACTORS AFFECTINGSOIL RESPIRATION IN REFERENCE WITH TEMPERATURE'S ROLE IN THE 
GLOBAL SCALE.CHINESE GEOGRAPHICAL SCIENCE 1998;8(3):246-255. 
[20] Jiang PF, Lei TW, Liu XH, Wu Y, Li X, Wang QJ. Principles and exper imental ver if ication of capillary suction method for fastmeasurement 
of field capacity. Transactions of the CSAE 2006; 22(7): 1-5. ( in chinese) 
[21] HUANG Y, LIU SL, SHEN QR, ZONG LG. Influence of tnvitmnmenlal factors on the deeompeeition of organic carbon in agricultural soils. 
CHINESE JOURNAL OF APPLIED ECOLOGY 2002;13(6):709-714. ( in chinese) 
[22] Hendrix PF, Franzluebbers AJ, McCracken DV. Management effects on C accumulation and loss in soils of the southern Appalachian 
Piedmont of Georgia. Soil & Tillage Research 1998; 47: 245-251. 
[23] Dilustro JJ, Collins B, Duncan L, Crawford C. Moisture and soil texture effects on soil CO2 efflux components in southeastern mixed pine 
forests. Forest Ecology and Management 2005; 204: 85-95. 
